SUMMARY A study of renal function in 51 patients with gout and an equal number of normouricaemic controls revealed significant differences. A relative impairment of the glomerular filtration rate and urine concentrating ability in the gouty subjects could not be wholly explained on the basis of aging or hypertension. Renal In an attempt to clarify these anomalies we have compared the renal function of a largely untreated population of gouty patients with that of normouricaemic subjects. In a preliminary report we noted that there were no major differences in 29 patients compared with age matched controls.8 We have expanded our observations to an additional 27 gouty patients and their controls.
Gout remains a common disorder, and despite the availability of effective remedies many patients do not receive long-term treatment.' If it were certain that hyperuricaemia caused disease of vital organs, the necessity of regular hypouricaemic therapy would be more compelling. For example, it remains questionable whether gout can cause serious renal impairment and, if so, how often. In a widely quoted study Talbott and In an attempt to clarify these anomalies we have compared the renal function of a largely untreated population of gouty patients with that of normouricaemic subjects. In a preliminary report we noted that there were no major differences in 29 patients compared with age matched controls. 8 We have expanded our observations to an additional 27 gouty patients and their controls.
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Subjects and methods
Renal function of 51 patients with primary gout was compared with that of an equal number of normuricaemic subjects matched for age and sex. All the gouty patients had a history of sustained hyperuricaemia and at least 1 episode of acute arthritis. The study was confined to patients who had received sporadic or no hypouricaemic therapy. Only colchicine was prescribed during the period of investigation. Twelve gouty patients had a history of hypertension (diastolic blood pressure >100 mmHg), which was treated at the time of the study with nondiuretic hypotensive drugs. Two patients gave a history of renal calculi. None had previously acknowledged renal disease. Control subjects were either hospital personnel or patients with miscellaneous noninflammatory musculoskeletal disorders. None had hypertension or a history of kidney disorder. Where possible, control subjects received no drugs during the investigation period, but some continued to take occasional analgesics. Oral permission was obtained for the studies, which were conducted on both inpatients and outpatients.
Blood urea and creatinine were estimated by a standard AutoAnalyzer technique and glomerular filtration rate (GFR) was determined after a single intravenous injection of 51Cr edetic acid.9 Urine concentrating ability was assessed by measuring urine osmolality after 15 (Table 1 ).
The mean levels of blood urea and creatinine of the gouty were higher than those of controls, but the differences were not significant. Glomerular filtration rate and urine osmolatily after fluid deprivation were significantly reduced in the gout patients ( Table 2 ).
There was a significant inverse correlation between GFR and age for hyperuricaemic subjects (r = -0 54; P<O OO1) and normouricaemic subjects (r = -O*4; P<O001). The disparity between GFR values of gout and controls was more evident in (Fig. 1) . A positive correlation was obtained between the GFR and urine osmolality values of the gouty (r = 0-56; P<0001) and control groups (r = 0 54; P<0 001>. Significant differences between GFR and urine osmolality of the gout and control subjects were still apparent after exclusion of the 12 hypertensive gouty patients from the comparison (Table 2) . Eighteen patients (35%) had a family history of gout. Their mean GFR and urine osmolality were lower than that of age-matched gouty subjects without family histories of gout. The difference between the osmolality values was significant (Table 3) . Tophi were observed in 8 (16%) of the gouty subjects. These had mean GFR and osmolality values which were lower than those of 8 age-matched gouty patients without tophi, but the differences were not significant. Renal function of 12 patients excreting more than 3 5 mmol uric acid/24 h (588 mg/24 h) was similar to that of age-matched patients excreting significantly less uric acid ( Table 3) .
The average duration of gout was 6 years (range 1-26 years) and there was a weak inverse correlation between the length of history and GFR (r =-0 -33; P<0-05). There was no correlation between GFR and the number of acute gouty episodes (r = 0 07, NS). Fasting serum triglyceride levels were significantly higher in the patients with gout (Table 1) . Twenty-eight (55%) gouty subjects had hypertriglyceridaemia (>2-2 mmol/l). Renal function of these patients was not significantly different from that of patients with normal serum triglyceride values (Table 3) . Regular alcohol consumption (more than 2 pints (1 1 1) beer daily) was significantly more common among the gouty than among controls (Table 1) . Hypertension occurred in 8 (21 %) of the regular drinkers and 4 (28%) of the more abstemious gout patients. Alcohol abuse did not appear to be associated with more pronounced impairment of renal function (Table 3) . Proteinuria in excess of 0 1 g/24 h was significantly more The diurnal pattern of urine pH revealed that the gout subjects maintained relatively acid urine throughout the day (Fig. 2) . and excreted daily volumes of urine with a significantly lower pH (Table 4) . However, the range between minimum and maximum pH values over 24 h was not significantly different from that of controls (Table 4 ). Net acid excretion was similar in both groups, but gouty patients excreted significantly more titratable acid and significantly less ammonium when expressed as a percentage of net acid (Table 4 ). The percentage of net acid excreted as ammonium by the gout patients did not correlate with either GFR (r = 0-13) or urine osmolality (r = 0 23). Acid loading with ammonium chloride induced a similar fall of urine pH in gout and normouricaemic subjects but, the rate of ammonium excretion was consistently lower in the gouty patients. (Fig. 3) . Urate clearance, even when corrected for GFR was significantly lower for the gout patients ( significantly impaired. A preliminary report of the same study predicted that differences between the renal function of gouty and normouricaemic subjects might become more evident with the inclusion of older patients.8 Glomerular filtration rates declined with age in both gouty and control subjects, but this aging phenomenon appeared to be accentuated in the gouty. This is consistent with a slowly progressive renal disorder and is in accord with the previously reported prevalence of uraemia in older patients with gout.'5 Urine osmolality paralled GFR values, and there was no evidence of a disproportionate decline of urine concentrating ability. Renal tubular dysfunction has been considered an early feature of kidney involvement in gout,'16 but this has been disputed. '7 Hypertension did not appear to be the cause of the renal impairment in our gout patients, since significant differences were still apparent when those with hypertension were excluded from the analysis. However, the disparity between gout and control subjects was less striking when those with high blood pressure were omitted. Hypertension in gout is certainly associated with more obvious renal impairment.18
Those with a family history of gout had less efflcient urine concentrating ability, but it is doubtful whether these patients represented an entity. None was a member of a family which exhibited juvenile gout or severe renal disease. Several such families have now been reported,19 but the relationship between their gout and kidney failure is uncertain and may not be one of cause and effect as originally suggested. 20 The duration of gout correlated with the decline of GFR, but this partly reflected the natural effect of aging. There was no relationship between GFR and the number of gouty attacks. Patients with tophi had worse renal function, although the difference was statistically insignificant. There was no obvious relationship between impaired GFR and the amount of uric acid excreted, an observation which conflicts with an earlier report.2' Obesity, alcohol excess, and hypertriglyceridaemia are acknowledged features of gout22 and were confirmed in this study. Obesity may have contributed to the hypertension which was observed in 12 (23%) of our gout patients, thereby influencing renal function.'7 Heavy alcohol consumption has been incriminated in hypertension23 and provides a putative link between gout and raised blood pressure.24 In our study excessive alcohol consumption was not more frequent among those with hypertension, nor was renal dysfunction more pronounced among regular drinkers. Some reports have emphasised that premature arteriosclerosis of renal vessels is a histopathological feature of gout.'7 25 Hypertriglyceridaemia might conceivably predispose to this finding, but we could not demonstrate that its presence exerted an adverse effect on kidney function.
The relatively acid urine excreted by gouty subjects has been documented repeatedly26 27 and was confirmed in the current study. Pak poy28 suggested that attenuation of the normal diurnal rhythm of urine pH may be an early feature of renal disease in gout. The range of urine pH in our gout patients was not significantly less than that of the controls, but despite wide fluctuations the pH levels were generally lower throughout the day. This pattern was associated with an increased excretion of hydrogen ion as titratable acid and a reduction in the proportion excreted as ammonium. Hitherto this phenomenon has been attributed to a preferential buffering of tubular hydrogen ion by titratable acid precursors due to a reduced capability of ammonium production. The response to acid loading in gout and control subjects supported this contention by demonstrating a relatively impaired excretion rate of ammonium in the gouty patients. A similar pattern of hydrogen ion excretion after acid loading can be discerned in patients with renal failure caused by miscellaneous diseases.14 It would therefore be reasonable to assume that in gout, impaired ammonium excretion reflects overall kidney dysfunction. Indeed, the gouty patients subjected to an acid load had lower GFR and urine concentration tests than their age-matched controls, though the differences were not significant. If this were the only factor involved, an inverse correlation might to expected between daily ammonium excretion and other measurements of renal function. There was not the least evidence that such a relationship pertained. It is likely that, although kidney disease contributes to the impaired excretion of ammonium in some patients with gout, there is an additional and more complex association. This is supported by our previous demonstration of a reciprocal relationship between ammonium and uric acid excretion following a prolonged acid load. 29 Controversy has surrounded the pathogenetic role of reduced urate clearance in gout, and the data have been variously interpreted. Gutman et al. 30 maintained that renal elimination of uric acid was not specifically impaired in gout, whereas Nugent3l reached the opposite conclusion. The total evidence argues strongly in favour of a relative defect of urate clearance in the majority of patients with gout.32 The reduced clearance of uric acid apparent in many of the gouty patients examined by us is consistent with this view and similar to the findings of a previous study conducted in the United Kingdom.33
The major finding of our survey is the confirmation of impaired kidney function in gout. In no patient was this sufficient to cause clinically significant nitrogen retention, and the evidence suggested a slowly progressive disorder in the majority of patients. Our study has not provided a clear indication of the mechanism involved except by inference. Weineman34 has reviewed the topic at length and concluded that, although the evidence is not compelling, there is a strong suspicion that uric acid is of itself deleterious. This suspicion has been reinforced by the finding that allopurinol treatment appears to retard the progression of renal dysfunction. 35 
